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The relevance of H2O2 as biomarker for different neurodegenerative diseases and 24 
cancer has been one of the most significant incentives for the development of new 25 
(bio)sensors that allow a more sensitive, selective, fast, and stable quantification of 26 
H2O2. In this regard, the association of carbon nanotubes with hemoproteins, 27 
nanoparticles, and other nanostructures and different electrochemical transducers, 28 
has offered new avenues for the construction of innovative H2O2 bioanalytical 29 
platforms. This short review highlights the most relevant contributions in the field of 30 
electrochemical (bio)sensors for H2O2 based on carbon nanotubes published in the 31 
































Hydrogen peroxide is a compound of great importance in different fields. It is 49 
a product of several metabolic routes [1,2] and high levels may produce diseases 50 
connected with oxidative stress like cancer, cardiovascular disorders and 51 
Alzheimer disease [3-7]. The concentrations go from nM to µM depending on the 52 
fluid and cell-type [2]. Due to their oxidative properties, H2O2 has been also used 53 
for the synthesis of organic compounds, pulp and paper bleaching, sterilization, 54 
clinical and pharmaceutical applications [8,9].  55 
Several sensing methodologies have been proposed for the quantification of 56 
H2O2 [10-13], new analytical platforms that allow the fast, highly sensitive and 57 
selective quantification are highly required. Electrochemical sensors have 58 
demonstrated to be very useful for the quantification of different analytes [14-20] 59 
and H2O2 hydrogen peroxide in particular [17-20]. There are two types of H2O2 60 
electrochemical sensors, the enzymatic ones, based on the use of biocatalysts 61 
(heme-proteins) [17,18] and the non-enzymatic ones, based on the use of different 62 
catalytic (nano)materials [19,20]. The enzymatic biosensors demonstrated to be a 63 
very interesting alternative for the quantification of H2O2; however, they have some 64 
drawbacks associated with the cost and instability of the enzymes. Consequently, 65 
the development of non-enzymatic strategies for the quantification of hydrogen 66 
peroxide is currently a very hot topic.  67 
In this short review, we discuss the most relevant electrochemical sensing 68 
strategies for H2O2 based on the use of carbon nanotubes (CNTs) developed in the 69 
















graphene sheet rolled into a tube [21,22] either defining a cylinder (single-walled 71 
carbon nanotubes, SWCNTs) or concentric and closed tubules (multi-walled 72 
carbon nanotubes, MWCNTs) [23]. Due to their unique properties of CNTs [24-28], 73 
the incorporation of CNTs in these (bio)sensors presents several advantages: 74 
facilitates the charge transfer and/or increases the surface area, and/or enables 75 
the anchoring of different (bio)molecules and/or improves the conductivity of the 76 
resulting platform. The working potential to quantify H2O2 in a sensitive and 77 
selective way is a key point. However, the reduction of H2O2 requires, in general, 78 
negative potentials to obtain a sensitive response, making necessary a rigorous 79 
desoxygenation of the buffer, standard solutions and samples to avoid the 80 
interference of oxygen reduction. On the other hand, for the oxidation of H2O2 is 81 
necessary to work at very positive potentials and under these conditions, the 82 
interference of easily oxidizable compounds usually present in biological fluids or in 83 
foods samples is a critical problem. In these cases, the presence of nanostructures 84 
is very important to decrease the overvoltages. Table 1 summarizes the most 85 
relevant analytical parameters and experimental conditions for the different H2O2 86 
electrochemical (bio)sensors discussed in the review.  87 
 88 
H2O2 electrochemical sensors based on the association of  CNTs and 89 
hemoproteins  90 
Eguílaz et al. [29**] reported the non-covalent functionalization of MWCNTs 91 
with cytochrome c (Cyt c) and the highly sensitive and selective H2O2 biosensing 92 
using a glassy carbon electrode (GCE) modified with MWCNTs-Cyt c. The close 93 
















hemeprotein that supports the MWCNTs, made possible the efficient amperometric 95 
response for H2O2 at –0.100V from the direct electron transfer (DET) of Cyt c. A 96 
linear range from 1.0x10-6 to 1.6x10-4M, a sensitivity of (43±1) mAM-1cm-2, a limit of 97 
detection (LOD) of 1.5x10-7M, and very good repeatability, reproducibility and long-98 
term stability were reported for this biosensor. It was successfully used to quantify 99 
H2O2 in mouthwash and enriched low-fat milk samples. Aghamiri et al. [30] 100 
discussed the advantages of the immobilization of Cyt c at GCE modified with a 101 
porous and conductive thin-film of electropolymerized polyaniline(PANI)/MWCNTs. 102 
The immobilization of the enzyme in the net of the polymer-CNTs facilitated the 103 
DET of the iron center and the quantification of H2O2 was successfully performed 104 
at submicromolar levels from amperometric measurements at –0.400V. It is 105 
important to mention that, as in the case of other pseudoperoxidases, the absence 106 
of the sixth axial heme-ligand in cytochrome c is essential to bind H2O2 and 107 
catalyze its reduction [31]. 108 
Alim et al. [32] proposed a very sensitive third-generation H2O2 biosensor 109 
based on the immobilization of multiporous SnO2 nanofiber (SnO2NFs), MWCNTs, 110 
and hemoglobin (Hb) at GCE by using chitosan (CS). The proposed architecture 111 
allowed the DET of the protein metallic center and, consequently, the 112 
amperometric detection of H2O2 at –0.400V at nanomolar levels.  Another 113 
interesting sensing strategy for the nanomolar detection of H2O2 was based on a 114 
3D bis-aniline-crosslinked network of 4-aminothiophenol-modified horseradish 115 
peroxidase (HRP) and aniline-modified SWCNTs at a 4-aminothiophenol self-116 
assembled monolayer (SAM)-modified gold electrode [33]. An original approach 117 
















biosensor based on the use of a nanocomposite integrated by MWCNTs, catalase 119 
and laccase or bilirubin oxidase cross-linked with glutaraldehyde (GAD). Catalase 120 
transforms the H2O2 into oxygen and water and the multi-copper enzymes catalyze 121 
the reduction of the enzymatically generated oxygen to water. The sensor was 122 
successfully used to quantify H2O2 in different pharmaceutical formulations. The 123 
strategy is interesting although the analytical performance is not as competitive as 124 
the previous ones.  125 
Another innovative and competitive alternative involving a catalytic center 126 
that mimics the active site of hemoproteins was presented by Wu et al. [35**]. They 127 
reported the non-covalent immobilization of hemin, an iron(III)protophorphyrin IX, 128 
at MWCNTs using tetraoctylammonium bromide (TOAB) to provide the cations 129 
necessary to bind to the carboxyl groups of hemin and MWCNTS, reducing, in this 130 
way, the electrostatic repulsion of hemin and MWCNTs carboxylic groups, and 131 
preventing the aggregation of the nanomaterials. The resulting platform allowed the 132 
quantification of H2O2 between 0.82 and 278.6µM, with a LOD of 0.26µM and a 133 
stability up to 11 days. 134 
In general, the enzymatic biosensors allow a sensitive quantification of 135 
H2O2, and the overall performance is highly dependent on the efficiency of the 136 
hemoprotein immobilization, being the robustness and the intimate contact with the 137 
carbon nanostructures, key aspects to ensure a competitive analytical device. The 138 
presence of CNTs at the electrode surfaces allows a more efficient DET and the 139 
incorporation of higher amounts of enzyme, largely improving the analytical 140 
performance of the resulting biosensors compared to their counterparts of graphite, 141 

















H2O2 electrochemical sensors based on the association of  metallic 144 
nanoparticles and CNTs 145 
In the last years, the association of metallic nanoparticles (NPs) with CNTs 146 
have demonstrated to be an advantageous alternative for developing highly 147 
sensitive and selective H2O2 sensing [19, 20, 38-45].  148 
Joshi et al. [39] addressed the need for a highly sensitive H2O2 microsensor 149 
able to be used in scanning electrochemical microscopy to simultaneously perform 150 
the approach curves and detect low levels of H2O2 in complex matrixes like 151 
bacterial biofilms. The sensor was obtained by electrodeposition of PtNPs at 152 
oxidized-MWCNTs and mixing with the 1-butyl-4-methylpyridinium 153 
hexafluorophosphate ionic liquid (IL) (Figure 2). The LOD was 250nM and the 154 
sensor allowed to obtain a 3D distribution of the H2O2 produced by a bacterial 155 
biofilm.  156 
Hamidi and Haghighi [40] reported the modification of GCEs with a 157 
nanocomposite of PdNPs and MWCNTs dispersed in dimethylformamide (DMF). 158 
The catalytic activity of PdNPs largely improved the response of the sensor and 159 
allowed the fast and reproducible quantification of H2O2 either at 0.350V or at                       160 
–0.250V, with LODs of 1.2 and 14µM, respectively. Zhang et al. [41*] presented an 161 
interesting flexible nanohybrid microelectrode based on the use of carbon fiber 162 
(CF), an excellent flexible substrate due to its small size and elasticity modulus, 163 
modified with highly ordered nitrogen doped CNTs arrays (N-CNTAs) decorated 164 
with AuNPs. The synergistic catalytic activity of N-CNTAs and AuNPs allowed to 165 
















nanomolar levels, and successful application for sensing the H2O2 secreted from 167 
MCF-7 and MDA-MB-231 cells without the influence of bending-induced 168 
mechanical stress. Taking advantage of the inkjet printing potential, 169 
Shamkhalichenar and Choi [42*] introduced disposable and fast H2O2 sensors 170 
obtained by inkjet printing of a MWCNTs-based ink on paper followed by the 171 
incorporation of AgNPs to catalyze the reduction of H2O2. 172 
The association of two or more catalytic centers demonstrated to be very 173 
useful to improve the analytical characteristics of electrochemical sensors. Ko et al. 174 
[43] demonstrated an interesting synergism by incorporating Au and Ag NPs in 175 
addition to SWCNTs. The sensing was performed at –0.150V in nitrogen-saturated 176 
solutions, with a LOD of 0.3µM and a very wide linear range, demonstrating the 177 
advantages of the presence of CoNPs in addition to PdNPs.  178 
Heli et al. [45] proposed the use of a carbon paste modified with hexagonal 179 
Co-Al-layered double hydroxide nanoshales (CoAlLDH) and MWCNTs synthesized 180 
by reflux heating. The resulting sensor was successfully used to quantify H2O2 181 
either at 0.230V or at –0.350V with LODs of 5 and 10µM, respectively. 182 
The comparative analysis of the different strategies clearly indicates that the 183 
selection of the metallic center/s, the strategy to incorporate them to the transducer 184 
surface and the efficiency of the interaction with the carbon nanostructures are the 185 
most critical aspect for the development of H2O2 electrochemical sensors based on 186 
the use of metallic nanoparticles and CNTs.  187 
 188 
H2O2 electrochemical sensors based on CNTs associated wi th other 189 
















Bai et al. [46] presented an innovative work based on GCEs modified with a 191 
nanocomposite of carbon dots (CDs) and oxidized-MWCNTs. The good electrical 192 
conductivity and huge surface area of MWCNTs, their electron acceptor 193 
characteristics and the excellent donor capacity of CDs made possible the 194 
construction of an electrode with high electrocatalytic activity and notable 195 
synergism. MWCNTs:CDs ratio was very important for the analytical performance 196 
of the sensor, being 10:1 the selected one. A fast and stable response, with a 197 
linear range between 3.5x10-6 and 3.0x10-4M, a LOD of 0.25µM and a successful 198 
application for the quantification of the H2O2 released from HeLa cells and the H2O2 199 
present in enriched human serum samples was also reported. 200 
The use of MnO2 as catalytic center for building H2O2 sensors has received 201 
great attention [47-50]. Begum et al. [47] reported the analytical performance of 202 
GCEs modified with a δ-MnO2/MWCNTs nanocomposite obtained by one-step 203 
hydrothermal process in alkaline medium, where MnO2 worked as electrocatalyst 204 
and MWCNTs was the responsible for the improvement of the platform 205 
conductivity. The resulting electrode made possible the fast, selective and 206 
reproducible detection of H2O2 at -0.300V in Ar saturated-0.1 M PBS solution with a 207 
detection limit of 1µM. Recoveries between 98 and 102% were reported in tomato 208 
sauce and tap water samples.  209 
An innovative platform was obtained by the modification of GCE with a 210 
rGONR/MnO2 nanocomposite obtained by one-step hydrothermal co-reduction of 211 
KMnO4 and GONR (generated from the unzipping of MWCNTs) using citric acid 212 
















PBS pH 7.4 due to the important synergistic catalytic activity of MnO2/rGONRs for 214 
the oxidation of H2O2 and the high surface area and excellent conductivity of 215 
rGONR (Figure 3). The sensor allowed the detection of nanomolar levels of H2O2 216 
and its quantification in a fetal bovine serum.  217 
Shahnavaz and Hamid [51] proposed the submicromolar detection of H2O2 218 
at –0.65 V using an electrode modified with MWCNTs-ZnCr2O4NPs synthesized by 219 
a hydrothermal method and further calcination at 500 °C. The resulting sensor 220 
presented a linear range between 50µM and 0.8mM and was successfully used for 221 
the quantification of H2O2 in lens cleaning solution.  222 
A more elaborated architecture based on the modification of GCEs with a 223 
composite of Pt encapsulated in a sixth-generation poly(amidoamine) dendrimer 224 
with amine terminations (G6-NH2 PAMAM dendrimer) covalently attached to 225 
carboxylated-CNTs, was reported by Liu et al. [52]. A fast, reproducible and stable 226 
response was obtained at –0.150V, with a linear range between 3 and 400µM, a 227 
LOD of 0.8µM, and a successful determination of H2O2 in MCF-7 cells.  228 
Currently, metal-organic frameworks (MOF) are under intense investigation 229 
for building electrochemical sensors. Wang et al. [53] proposed the quantification 230 
of H2O2 in 0.1M NaOH at 0.500V using GCEs modified with a dispersion of Ni(II)-231 
based MOFNPs anchored on CNTs by solvothermal method (Ni(II)-MOF/CNTs), 232 
covered by 2.5% Nafion, where Ni(II) was easily adsorbed at oxidized-CNTs 233 
through the oxygenated groups. A highly reproducible and fast response, with 234 
linear range between 0.01 and 51.6mM was obtained with the sensor.  235 
Roushani et al. [54**] reported a sensitive analytical platform for the 236 
















MWCNTs, CS, and 1-methyl-3-octylimidazoliniumtetrafluoroborate (IL) deposited at 238 
GCE; methylene blue (MB) deposited at the resulting platform; and Cu(II) 239 
preconcentrated through the coordination with MB. This CuNPs/MB/MWCNTs-C60-240 
CS-IL sensor presented advantages such as the large surface area, π-π 241 
conjugated bonds, good conductivity, and synergism between Cu(II) and MB, 242 
which accelerated the charge transfer and facilitated the reduction of H2O2 at –243 
0.180V. Reproducible and repeatable signals were obtained between 0.2 and 4µM, 244 
with a LOD of 55nM. The sensor was used to quantify H2O2 in enriched serum 245 
samples with very good recoveries. 246 
Layer-by-layer self-assembling of monolayers is another interesting 247 
alternative for the versatile design of different sensing platforms. In this direction, 248 
De Fátima Cardoso Soares et al. [55] proposed a strategy based on ITO modified 249 
by self-assembling of agar-SWCNTs, poly(allylamine hydrochloride)(PAH)-250 
SWCNTs, and alizarin red S (ARS) as catalyst. The analytical signal was obtained 251 
by amperometry at –0.500V with a LOD of 0.15µM.  Zhang et al. [56] reported 252 
another supramolecular strategy based on the self-assembling of 2,9,16,23-tetra[4-253 
(N-methyl)pyridinyloxyl]-phtalocyanine cobalt (II) ([TMPyPcCo]4+) and oxidized-254 
MWCNTs at GCE through electrostatic interaction to obtain an interconnected 255 
assembly (([TMPyPcCo]4+/MWCNTs)n). The combination of [TMPyPcCo]
4+ and 256 
oxidized-MWCNTs without any inert polymer binders allowed to expose more 257 
active sites for electrocatalysis, aspect very important in the performance of the 258 
sensor at –0.250V. Wang et al. [57] proposed the use of oxygen-doped, nitrogen 259 
















poly(diallyldimethylammonium chloride) (PDDA)-modified SWCNTs. The 261 
nanocomposite showed an improved electrocatalytic activity due to the electron 262 
withdrawing ability of the N-atoms from the ONPCNRs which create net positive 263 
charge on the adjacent carbon atoms in the PDDA/SWCNTs plane.  The sensor, 264 
prepared by dropping ONPCNR/SWCNTs-PDDA at GCE, allowed the 265 
submicromolar detection of H2O2 with stable response for 2 weeks and successful 266 
use for the detection of H2O2 in enriched ultra-high temperature milk.  267 
Mayuri et al. [58] introduced a copper-bipyridyl complex immobilized at 268 
MWCNTs-Nafion modified-GCE as a bioinspired electrocatalytic molecular system 269 
(Figure 4). The 2,2´bipyridyl-complex was dropped at Nafion/MWCNTs-modified 270 
GCE and the copper center was finally immobilized at the resulting platform by 271 
cycling 40 times in a 2mM CuSO4 solution. The flow injection analysis with 272 
amperometric detection at –0.200V presented a linear range between 1µM and 273 
1mM and a submicromolar-LOD. The analytical applications of the sensor were 274 
demonstrated by determination of H2O2 in a cosmetic product.  275 
Nasirizadeh et al. [59] proposed the use of a GCE modified with MWCNTs 276 
dispersed in DMF followed by cycling the potential in a solution of reactive blue 19 277 
(RB), a quinone derivative that catalyzes the reduction of H2O2, and allowed the 278 
detection of submicromolar concentrations of H2O2. The sensor was successfully 279 
used for the quantification of H2O2 in fruit juices. 280 
 281 
General conclusions and perspectives 282 
This short review addresses the recent trends for H2O2 electrochemical 283 
















discussion of i) the strategies used to build the (bio)sensor, ii) the nature of the 285 
(bio)catalytic center, iii) the origin of the analytical signal, and iv) the most relevant 286 
analytical characteristics of the (bio)sensors.  287 
While the use of hemoproteins as biocatalytic centers has allowed to obtain 288 
a highly sensitive H2O2 biosensing, special attention should be given to build 289 
platforms with increased robustness and enhanced biocatalytic activity. H2O2 290 
sensors based on the use of nanomaterials as catalytic centers has also 291 
demonstrated to be very competitive; however, it is necessary to design new 292 
schemes of synthesis and functionalization of nanomaterials to obtain platforms 293 
that allow a more sensitive and selective quantification of this analyte.  294 
Future trends should be focused on i) the rational modification of 295 
peroxidases and peroxidases-like proteins to obtain biocatalysts with increased 296 
robustness and biocatalytic activity, ii) the one-step functionalization of CNTs with 297 
new catalytic nanomaterials and/or catalytic centers that mimics the active sites of 298 
peroxidases or proteins with peroxidase activity, iii) the one-step unzipping of 299 
CNTs and reduction of the resulting GONR to obtain an adequate balance of 300 
mono- and bidimensional carbon nanostructures with different functionalization, 301 
and iv) the development of new inks for screen- or inkjet-printing involving 302 
elements that make possible the preparation of more efficient H2O2 disposable 303 
(bio)sensors.   304 
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Table 1: Analytical performance of the most relevant hydrogen peroxide electrochemical (bio)sensors reported in the period 2016-2018. 
Hydrogen peroxide electrochemical sensors based on the association of CNTs and hemoproteins 
Platform Sensitivity Detection Linear Range LOD Sample Ref. 




Amp. (-0.100 V) 1.0 x 10
-6
 – 1.6 x 10
-4
  M 0.15 µM
 
Mouthwash 
and low-fat milk 
samples 
[29] 




 Amp. (-0.400 V) 2.0 x 10
-6
 – 6.0 x 10
-4
  M 0.2 µM -- [30] 
GCE/SnO2NFs-MWCNTs-Hb-CS -- Amp. (-0.400 V) 1.0 x 10
-6
 – 1.4 x 10
-4
  M 0.03 µM -- [32] 
AuE/SAM/SWCNTs/HRP 0.34 µA µM
-1
 Amp. (-0.400 V) 1.2 x 10
-7
 – 1.2 x 10
-4
  M 0.022 µM -- [33] 
a. GCE/MWCNTs/GAD/Lac-Cat 
b. GCE/MWCNTs/GAD/BOx-Cat 










a. Amp. (+0.200 V) 
b. Amp. (+0.200 V) 
a. 3 x 10
-5
 – 6.2 x 10
-4
  M 
b. 5 x 10
-5
 – 9.9 x 10
-4
  M 
a. 33.1 µM 




Hydrogen peroxide electrochemical sensors based on the association of metallic nanoparticles and CNTs 
Platform Sensitivity Detection Linear Range LOD Sample Ref. 




 Amp. (+0.940 V) 8.2 x 10
-7 
M – 2.786 x 10
-4
 M 0.26 µM -- [35] 




 Amp. (+0.300 V) 1.0 x 10
-5
 – 1.0 x 10
-4
  M 10 µM 








 CV (+0.500 V) 1.0 x 10
-5 




















Amp. (Oxidation: +0.350 V 
and reduction: -0.250 V) 
Oxidation: 2.0 x 10
-6
 – 6.0 x 10
-5
 M 
Reduction: 2.0 x 10
-5
 – 1.0 x 10
-3
  M 
Oxidation: 1.2 µM 
Reduction: 14 µM 
-- [40] 




 Amp. (-0.300 V) Up to 4.3 x 10
-3




IPMWCNTsE/AgNPs -- Amp. (-0.300 V) 1.0 x 10
-6
 – 7.0 x 10
-4 
M --  [42] 




 CV (-0.400 V) 3 x 10
-4
 M – 1.8 x 10
-3





GCE/Pd-Co-CNTs 101.712 µA mM
-1
 Amp. (-0.150 V) 1 x 10
-6
 M – 1.11 x 10
-3
  M 0.3 µM -- [44] 
CPE(CoAlLDH-MWCNTs) 










Amp. (Oxidation: +0.230 V 
and reduction: -0.350 V) 
Oxidation: 1 x 10
-4
  M – 4 x 10
-3
  M 
Reduction: 1 x 10
-4











Hydrogen peroxide electrochemical sensors based on the association of CNTs and associated with other nanostructures 
Platform Sensitivity Detection Linear Range LOD Sample Ref. 
GCE/oMWCNTs-CDs 0.039 µA µM
-1
 Amp. (-0.180 V) 3.5 x 10
-6
  M – 3.0 x 10
-4









 Amp. (-0.300 V) 5 x 10
-5





 Tomato sauce 
and tap water 
[47] 




Amp. (-0.400 V) 5 x 10
-6





 Clinical lens 
solutions 
[48] 




 Amp. (+0.400 V) 4 x 10
-7





















GCE/rGONRs/MnO2 0.0142 µA µM
-1
 Amp. (+0.800 V) 2.5 x 10
-7





 Fetal bovine 
serum 
[50] 




 Amp. (-0.650 V) 5 x 10
-5
 M – 8 x 10
-4
 M 0.11 µM
 Clinical lens 
solutions 
[51] 




 Amp. (-0.150 V) 3 x 10
-6





 Breast cancer 
cells 
[52] 
GCE/CNTs-Ni(II)-MOF 8.2  µA mM
-1
 Amp. (+0.500 V) 1 x 10
-5
 M – 5.16 x 10
-2
 M 2.1 µM -- [53] 
GCE/C60-MWCNTs-CS-IL/MB/CuNPs 0.0243  µA µM
-1
 Amp. (-0.180 V) 2 x 10
-7
 M – 4 x 10
-6




ITO/SWCNTs-agar/SWCNTs-PAH/ARS -- Amp. (-0.500 V) -- 0.15 µM -- [55] 
GCE/([TMPyPcCo]
4+
/oMWCNTs)12 1.61028 µA mM
-1
 DPV (-0.250 V) 1 x 10
-5 
M – 9 x 10
-3














 Amp. (-0.200 V)-FIA 1 x 10
-6 
M – 1 x 10
-3




GCE/MWCNTs/RB 0.0086 µA µM
-1
 Amp. (-0.300 V) 1 x 10
-6
 M – 2.8 x 10
-5




GCE: glassy carbon electrode; MWCNTs: multi-walled carbon nanotubes; Cyt c: cytochrome c; PANI: polyaniline; SnO2NFs: multiporous nanofiber of SnO2; Hb: hemoglobin; CS: chitosan; AuE: gold electrode; 
SAM: 4-aminothiophenol self-assembled monolayer; SWCNTs: single-walled carbon nanotubes; HRP: horseradish peroxidase; GAD: glutaraldehyde; Lac: laccase; Cat: catalase; BOx: bilirubin oxidase; SPCE: 
screen-printed carbon electrode; PtNPs: platinum nanoparticles; Pt-UME: platinum ultramicroelectrode; IL: ionic liquid; PdNPs: palladium nanoparticles; CF: carbon fiber; N-CNTAs: nitrogen doped carbon 
nanotube arrays; AuNPs: gold nanoparticles; IPMWCNTsE: inkjet-printed multi-walled carbon nanotubes electrode; AgNPs: silver nanoparticles; GS: glass substrate; Au-AgNPs: gold-silver bimetallic 
nanoparticles; Pd-Co-CNTs: palladium-cobalt nanoparticles over carbon nanotubes; CPE: carbon paste electrode; CoAlLDH: Co-Al-layered double hydroxide nanoshales; oMWCNTs: oxidized multi-walled 
carbon nanotubes; CDs: carbon dots; MnO2NFs: manganese oxide nanoflakes; rGONRs: reduced graphene oxide nanoribbons; ZnCr2O4NPs: zinc chromite nanoparticles; PAMAM DENs: poly(amidoamine) 
dendrimers; PtNCs: platinum nanoclusters; MOF: metal-organic framework; C60: fullerene; MB: methylene blue; CuNPs: copper nanoparticles; ITO: indium tin oxide; PAH: poly(allylamine hydrochloride); ARS: 
alizarin red S; [TMPyPcCo]
4+
: 2,9,16,23-tetra[4-(N-methyl) pyridinyloxy] phthalocyanine cobalt (II); PDDA: poly(diallyldimethylammonium chloride); ONPCNRs: oxygen doped, nitrogen-rich carbon nanoribbons 













































Figure 2. Schematic representation of (A) the preparation of Pt-decorated 
multiwalled carbon nanotubes (Pt−MWCNTs), and (B) the dual (H2O2 sensor/Pt) 
SECM probe. Adapted with permission from Ref. [35]. Copyright 2017 American 



























Figure 3. (A) Amperometric response at MnO2/rGONRs/GCE for successive 
additions of H2O2. (B) Magnification of low concentration region. (C) Calibration plot 
obtained from the amperometric recordings shown in (B). Adapted from Ref. [46], 
















Figure 4. Scheme of the in-situ complexation of Cu(II) with 2,20-bipyridine(bpy) 
ligand immobilized Nafion(Nf)-MWCNT modified GCE and its biomimetic 
electrochemical reduction towards H2O2 at –0.2 V in neutral pH. Reprinted from 
Ref. [55], Copyright (2017), with permission from Elsevier.   
 
 
 
 
 
 
 
 
 
 
 
